Abstract Breast cancer is one of the most frequent cancer types within women population. Hydroxyurea (HU) is a chemotherapy compound for treatment of patients with cancer diagnosis, including breast cancer associated with several adverse effects. In this study, we applied nanotechnology to decreased drug side effects along with improvement of therapeutic index. Liposomation is widely used in modern pharmacological developments in order to enhance the effects of the drugs. To achieve this, in this study a mixture of phosphatidylcholine and cholesterol was made up and HU was added to the resultant mixture, was then pegylated using Polyethylene Glycol 2000 to increase resistance, applicability and solubility. The mean diameters of nanoliposomal and pegylated nanoliposomal HU were measured by Zeta sizer device and obtained about 402.5 and 338.2 nm. The efficiency of non-pegylated and pegylated liposomal HU was 70.8 and 64.2, respectively. Releasing HU in both formulations was estimated about 25.8 and 21.7 %. Also, this study investigated the cytotoxicity effect of nanoliposomal and pegylated nanoliposomal HU using MTT assay. Results of this investigation showed that the cytotoxic properties of pegylated HU was 3.6 % more than those non-pegylated form, while was 38.93 % more than ordinary from of HU. This study showed that the stability, releasing pattern and cytotoxicity of the pegylated nanoliposomal HU is better than that of nanoliposomal HU.
Introduction
Cancer is now one of the most common diseases around the world. Generally, breast cancer is amongst the most frequent types of cancer with about 18 % prevalence in women. In the other hand, it is considered as the main cause of mortality and morbidity in women [1, 2] . Current therapy methods of breast cancer such as surgery, radio therapy and chemotherapy improved survival of women suffering breast cancer [3] . Among chemotherapy agents, Hydroxyurea (HU) is commonly used as an anti-cancer agent [4] . For instance, HU is an effective reagent which was widely applied for treatment of acute angina, breast cancer, several hematological malignancies including chronic myelogenous leukemia (CML), sickle cell anemia, myeloproliferative disorders, and other known cancers previously [5] [6] [7] [8] [9] . In addition to its beneficial properties several disadvantages and side effects such as skin disorders were reported to be associated HU in consumers [10, 11] .
In this context, some effective methods were developed to either lessen HU side effects or increase its efficiency. The liposomal technology is amongst successful and the newest revolutionized cancer diagnosis and treatment [12] .
Presently, various drug carriers are applied in clinical trials and liposome is one of the widely accepted ones.
Liposomes are colloidal, vesicular structures composed of one or more lipid bilayers surrounding an equal number of aqueous compartment [13] . Liposomes are able to pass successfully through biological barriers protection of drugs against destructive conditions and compounds, delivering the drug to the target organ and tissue and release a therapeutic load in the optimal dosage range of drug [14] .
Therefore, present investigation aimed to provide pegylated and non pegylated liposomal form of HU to improve the drug therapeutic index as well as lessening its adverse effects.
Materials and Methods

Materials
The HU, phosphatidylcholine, cholesterol, polyethylene glycol 2000 (PEG 2000) and MTT (0.5 mg/ml), all were purchased from sigma company (SIGMA, USA). Ethanol and Isopropanol purchased from Merck Company (Merck, Germany). The RPMI-1640 culture medium and breast cancer cell line (MCF-7) were purchased from Invitrogen (Invitrogen, USA) and cell bank of Pasteur institute Iran, respectively.
Preparation of Pegylated and Non-pegylated Liposomal Drug
To produce pegylated liposomal HU, phosphatidylcholine and cholesterol (1:10) were dissolved in 10 ml of ethanol 98 % and the resultant was centrifuged at 300 rpm at room temperature to gain a transparent, yellow suspension. Two different formulations of liposomal drug and pegylated liposomal drug were prepared. To prepare liposomal drug, the upper phase of the resultant solution, using rotary evaporator (Heidoiph, Germany), was discarded, and then normal saline and 8 mg HU was added to the final solution and followed by a second centrifugation at 300 rpm at room temperature. A control solution was also prepared without HU. In addition, two solutions similar to prepared solutions were pegylated using PEG 2000 and were sonicated (Bandelin Sonorex Digitec, 60 HZ) for 5 min to reduce the size of liposomes [15] . The size of particles was also measured by zeta sizer system (Malvern Instruments Ltd.) [16] .
Entrapment Efficiency
To determine the amounts of encapsulated HU, 1 ml (contains a 32 mg of HU) of each formulations were centrifuged at 13,000 rpm for 2 h at 4°C and the optical density of the upper phase of solutions were measured at 214 nm wavelength by Spectrophotometer (UV-160IPC, Shimadzu, Japan). The following formula was used for calculation of the encapsulation [17] .
Encapsulation efficiency % ¼ actual amount of drug loaded in nanoparticles theory amout of drug loaded in nanoparticles Â 100 % To obtain respected standard curve, different concentrations of HU were prepared and their optical density were measured at 214 nm wavelength using Spectrophotometric method.
In Vitro Release Study
For the assessment of the HU release pattern from liposomes, 1 ml (contains a 32 mg of HU) from each formulation (liposomal drug and pegylated liposomal drug) and 10 ml PBS (pH 7.4) were added to the dialysis bags and bags were left on a shaker for 24 h at 37°C, finally the amounts of released HU in PBS were measured using Spectrophotometric method and regarding the rate of HU releasing was obtained by standard curve [18] .
Cytotoxicity Assay 100 ll of MCF-7 cells suspension contained 10,000 cells was added to the well of 96-well plates and incubated at 37°C, 5 % CO 2 . Following 24 h, the culture media was removed and substituted various concentrations of different drug formulations (liposomal HU and its control, pegylated liposomal HU and its control) and then incubated for a further 24 h. Subsequent to 24 h again culture supernatants were removed and MTT solution was added and after 3 h of incubation, the amethyst crystal (formazan) was dissolved in 100 ll Isopropanol. The optical absorption was measured at 570 nm by a spectrophotometer and IC50 was calculated using Pharm software [19] .
Statistical Analysis
The results are expressed as mean ± standard deviation (SD, n = 3). The data were statistically analyzed by one-way analysis of variance using IBM Statistics SPSS software version 19, and significant difference was set at p \ 0.05.
Results
Determination of Particle Sizes
The mean diameter of liposomes for liposomal HU was 402.5 nm and for pegylated liposomal HU was 338.2 nm.
Entrapment Efficiency
The encapsulation percentage was calculated according to the standard curve for each drug formulation. Using the encapsulation formula (Formula 1), the amount of nonencapsulated was subtracted from the initial amount, divided to the total drug amount and multiplied to 100. Our results demonstrated that the percent of encapsulation was 64.2 and 70.8 % for pegylated and non-pegylated liposomal drugs, respectively (Fig. 1) .
In Vitro Release Study
The releasing of HU from the two different formulations (liposomal HU and pegylated liposomal HU) in PBS buffer was determined after 1, 2, 3, 24 and 28 h (Fig. 2) . Our findings indicated that 25.85 and 21.71 % of the drug were released into the PBS in liposomal formulation and pegylated liposomal formulation, respectively.
Cytotoxicity Assay Figure 3 indicates the respected IC50 for different forms of HU including standard drug, liposomal drug and pegylated liposomal form.
Discussion
It is now well evidenced that carriers have a potential capability to deliver therapeutic reagents to the cancer tissues or organs [20] . The targeted drug delivery is considered as a promising method for treatment of several disease states. The availability of lipidic carriers especially liposome for many pharmacological therapeutic compounds makes them promising targets for therapeutic reasons. Due to the fact that it is easier to target a cancerous tissue and thus decreases the toxicity of drugs in neighboring healthy tissues in comparison with other carriers, liposomal carriers were used [21] . Promising results of liposomal based carriers in therapy or prevention of a wide spectrum of diseases in laboratory animals and human disorders are indicative for prominent role will play by these compounds in near future [22] . Liposomes are differentiated from the other types of carriers by following properties: (a) they can easily pass through several biological barriers and also have the ability to protect drugs against destructive reagents and conditions (b) liposome carriers have the ability of targeted delivery [14] . Rom and colleagues demonstrated the increasing therapeutic efficiency of Doxorubicin in liposomal in comparison with standard form on melanoma cell lines [23] .
In addition a similar study by Chen et al. [24] indicated that Adriamycin in liposomal form targeted diffuse breast cancer cells, however, not only massive amounts of Liposomes were absorbed by tumor cells, but also the rate of cellular toxicity was significantly increased. Interestingly, any type of allergic reaction or toxicity was not observed by the investigators in patients. In another study undertaken by Giota and colleagues, it is demonstrated that the therapeutic effects of liposomal Doxorubicin were more than the free form of the drug.
In more recent investigations, Chi-Chang Chang and his research team reported that liposomal curcuminoids were effective on several breast cancer cell lines, including MCF-7, MDA-MB-4355, MDA-MB-231 and also liposomal form of drug decreased the rate of cell survival [21] .
In the present study we examined the effects of liposomal HU and pegylated liposomal HU on the MCF-7 breast cancer cell line. The technology of liposome pegylation is a new method for improvement of pharmacokinetics of therapeutic proteins [25] . Pegylated liposomes covalently bind to proteins as the carrier and several lines of evidence demonstrated that pegylated therapeutic compound are more stable in circulation and are not easily removed by reticuloendothelial system (RES) and this formulation increases the adherence of drug to the cancer cell. In the other words it will result in enhancement of cellular drug absorption [9, [26] [27] [28] [29] .
Irma and colleagues showed that the efficiency and pegylated liposome at high-doses Ciprofloxacin is well tolerated by rat [30] . In more recent studies Yatuv Rate and colleagues demonstrated that pegylation Liposomes of both forms increased pharmacokinetics of these formulations [25] .
Conversely, enhanced efficiency of standard form of Oxaliplatin compared to its pegylated form has been reported by Yang et al. [31] .
In the present research we assessed the toxicity of HU in liposomal formulation and pegylated liposomal formulation by MTT analysis.
Determination of the diameter size by zeta sizer (DLS) demonstrated that the size of particles in liposome samples compared to its pegylated form is 64.3 nm smaller. It appears that PEG 2000 causes a more regular structure of liposome as well as due to variation in liposome load and PEG 2000, the pegylated form is smaller.
Our results with regard to encapsulation indicated that the size was decreased approximately 6.5 % in encapsulated form. This reduction is as a result of preventative effects of PEG 2000 on drug penetration. It is also likely that polyethylene residues penetrate into the liposome and decrease free spaces of liposomal structure and in turn lower amounts of HU liposomated later.
To determine the release rate of HU at different times we applied dialysis and showed that release process includes two various phases, quick and slow diffusion. We showed that the maximum release occurred during the first two hours. Initial release of liposomal drug was faster than pegylated liposomal drug. Consistent with our finding Mu and Feng [32] indicated that the initial release rate decreases with enhanced leading rate.
The cytotoxic effects of both formulations (liposome and pegylated liposome) were determined by MTT on MCF-7 cells. Our findings showed that liposome and pegylated form, without drug, had no cytotoxic effects on MCF-7 cells and IC50 of HU liposomal form was more than its pegylated form and both of them had increasing in IC50 compare to standard HU. Obviously, pegylation decreased IC50 and this can come from inhibitory effects of PEG, Additionally, PEG demonstrated the increasing solubility of drug and consequently better contact with the target cells.
Conclusion
Nanoliposomal and pegylated nanoliposomal formulation of paclitaxel were successfully prepared by reverse phase evaporation method. The results showed that the appropriate amount of drugs was encapsulated and cytotoxicity of these two formulations (liposomal and pegylated liposomal) was better than free drug. Furthermore, the in vitro release study indicated that new formulation of paclitaxel have a slower releasing pattern.
